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CORREWI’IONOFSUPERSONICCONVEHTVEHEAT-TRANSFER

COEFI?ICIENTSEROMi&summm OFTHESKIN

TWHRMWW OFA PARABOLZCBODY

OFREVOLUTION(NACAm-lo)1

ByLeoT.ChauvinandCsrlosA. delloraes

Localcoefficientsof convectiveheattransferhavebeenevaluated
fromskintemperaturesmeasuredalongthebodyofanNACAresearchmis-
siledesignatedtheRM-10.Thegeneralshapeofthebodywasa parabola
ofrevolutionoffinenessratio12.2. Heat-trsnsferdataarepresented
fora Machnumberrangeof1.02to2.48andfora Reynoldsnuniberrange
of3.18x 106ta163.85x 106basedontheaxial&l.stancefromthenose
tothepointatwhichtemperaturemeasurementsweremade.

Resultsfromthedataobtainedarepresentedastheproductof
Nusseltnuder NNU
ReynoldsnumberR
urementsweremade.
s.rylayerona flat

showntobe ingood

andthe-1/3powerofnsmdtlnmnberNn against
basedonsxi.al.distancetothestationwherethemeas-
Theequationforheattransferfora turbulentound-

(
-1/3= 0.0296R

J
0.8 isplateh subsoticflow NN#R

agreementwiththetestresultswhentheheat-transfer
parametersarebasedonthetemperaturejustoutsidetheboundarylayer.
Basingthecorrelationofheat-transferparametersonairpropertiescal-
culatedatthewalltemperaturegaveresultsthatwereingoodagreement
withtheequationforconvectiveheattransferforconesina supersonic
fl~ NNUNW‘1/3= ooo34R0”8.Heat-transfercoefficients”fromthe

V-2testscorrelatedona Nusselt,Prandtl,andReynoldsnuniberrelation
gavevaluesthatwereapproximately15percentlowerthantheresults
obtainedontheRM-10researchmissile,forconditionswheretheparam-
eterswerebasedonthetemperaturejustoutsidetheboundarylsyer,or
onthewalltemperature.Valuesofrecoveryfactorwereobtainedforthe
stationsatwhichtemperaturemeasurementsweremadeandareinagreement
tiththeoreticalvaluesofrecoveryfactorsfora flatplate.

%qersedesdeclassifiedNACAResearchMemorandumL~lA18byIeoT.
ChauvinandCarlosA. deMoraes,1951.
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IIWRODUCTION

Aerodynamicheatinginsupersonicflighthaslongbeenrecognizedas
a.majorprobleminthedesignof supersonicaircraft,andexperimental
heat-transferdataforhighMachnumbersandReynoldsnumbersarein great
demsnd.ExceptforsomeworkdoneontheV-2,alloftheconvectiveheat-
transferworkhasbeendoneinwindtunnelsutilizingsteady-statecondi-
tions;however,theresultspresentedhereinareforthetransientcondi-
tionsencounteredalongthetrajectory.

Inasmuchastheproblemofaerodynamicheatingiscloselyrelated
withthatof skin-frictiondrag,investigationsofthesetwophenomena
arebeingcsrriedoutsimultaneouslyby theLangleyPilotlessAircraft
ResearchDivisionasa partofanNACAprogramonsupersonicaerodynamics.
Modelsofa specificconfiguration,designatedNACARM-10,wereflight-
testedatthePilotlessA&craftResearch”StitionatWallopsIsland,Va.

Heat-trsnsfercoefficientsobtainedfromdatameasuredontwo
RM-10testvehiclesarepresentedherein.Thetransientconditions
encounteredduringtheflightofa rocket-propelledtestvehicleare
particularlysuitedforobtainingaerodynamicheatingandheat-transfer
data. Thesti temperaturemeasuredalongthebodyby resistance-type
thermonterscementedtotheinnersurfaceoftheskinwascontinuously
telemeteredtoa groundreceivingstationduringthetimeofflight.
Fromthesedatatheskintemperature,timerateofchangeof skintem-
perature,adiabaticwalltemperature,andconvectiveheat-transfercoef-
ficientweredetermined.

TheMachnuniberrangecoveredinthesetestswasappro-tely 1.0
to2.5. TheReynol&numberramge,basedonfree-streamconditionsand
distancealongtheaxisofthemissilefromthenosetotheteststation,
was approdmatdy3.18x 106ta163.85x 106.

SYME!OIS

area,sq ft

specificheatofair,Btu/slug/%

specificheatofwall,Btu/lb/%

localeffectiveconvectiveheat-transfercoefficient,
Btu/(sec)(sqft)(%)
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k thermalconductivityofair,Btu/(sec)(sqft)(OF/ft)

1 distancefromthenosealongtheaxisofthebody,ft

‘Nu Nusseltnumber,~Z/k, dimensionless

NR Prandtlnumber,C$/k, dimensionless

Q cpanti~ofheat,Btu

R Reynoldsnumber,pV1/p, dimensionless

RF recoveryfactor

T temperature,OF orOR

t timefromstartofflight,sec

v velocity,ft/sec

7~ specificweightofwall,lb/cuft

P viscosityofair,slugs/ft-sec

P densityofair,slugs/cuft

T thickness,ft

Subscripts:

aw adiabaticwall.

w conditionsofmaterialpertainingtoWSJJ

o undisturbedfreestreamaheadofmodel

6 isentropicstagnation

v justoutsideboundarylayer

TESTVEHICLES

ThegeneralconfigurationandbodyequationoftheRM-10areshown
infigure1. Figure2 isa photographofthetestvehicleonthelauncher.
Thebodieswerebasicallyparabolasofrevolutionhavinga maximumdiameter

.— . . . . . . —.. —.. ——. —.—–—
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of12inchesanda finenessratioof1>;however,thesternwascutoff
at81.3percentoffuKllengthto snow fortheinstallationofthe
rocketmotor.Thisdecreasein lengthresultedin anactualfbness
ratioof12.2.Fouruntqeredstabilizin&finswereequallyspacedaround
thesfterbody.Theyweresweptback60°witha totalaspectratioof2.o4
andhada 10-percent-thickcircular-arccrosssectionnormaltothe
leadingedge. Thedesignwaschosentoattaina highdegreeofstability
whichinsuredtestingat zeroangleofattack.

TheRM-10testvehiclesweredesignedforheat-transferinvestiga-
tionscoveringlargeMachnurtiberandReynoldsnumberranges.Aminimum
ofinternalstructurewaaaccomplishedby internallypressurizingthe
models.Figure3 showstheint.-ernslconstructionofthemodels.

Thetestvehicleswereallmetalin construction,utilizingspun
_esium sJ-@YS- md cast~sium alloYtailsectionstowhich
thefinswerewelded.Theskinthicknessusedforeachstationistab-
ulatedintableI. Allthesurfacesweresmoothsmdhighlypolished
atthetimeofflight.

Bothmodelswerepropel.ledbya 6.2~-inchABLDeaconrocketmotor
carriedinternally.Thecaseoftherocketmotorhasa temperaturerise
of50°F whichwasnotsufficienttoaffecttheaccuracyofthetests.
Thissmallrisein temperatureis dueto theinternslburningofa
Deaconrocketmotor;thatis,theburningstartsinthecenterandworks
outwardtowardthecasesothatthepowderandtheinhibitoractas
insulatorsbetweentheflimesndtherocketcase.

INS~ON ANDTESTS

Skintemperaturesweremeasuredlymeansofresistance-typether-
mometerscementedtotheinnersurfaceoftheskin.Thesethermometers
weremadeoffineplatinumwire0.0(X)2inchindiameter.Reference1
describesthethermometersmorecompletely.

~ermometerswerelocatedatstations8.9,17.8,36.2,49.9,86.1,
and123.5ononetestvehicle(modelA) smdatstations14.3,18.3,and
85.3ontheothertestvehicle(modelB). Reference1 showsthatthese
thermmnetershada timelagof 3 milliseconds,correspondingto a maximum
temperatureerrorof0.3°F forthetestconditionswheretheheat
transferisthegreatest.Tbiserrorwasconsideredtobenegligible
comparedwiththe3.2°F errorduetothethiclmessoftheskin.continu-
oustemperaturereadingsweretelemeteredtogroundreceivingstations.

Themodeb werelaunchedfroma zero-lengthlauncheratanelevation
angleof55°. Ea.tawereobtainedduringthedeceleratingportionof the .
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flighttrajectory.Trajectoryandatmosphericdatawereobtainedfrom
theNACAmodifiedSCR584radartheodoliteandby radiosondeobsenations.
Thethe historyof thefUght velocitywasobt-ed fromthecontinuous-
waveI@plertheodoliteradarunit(asdescribedinref.2). Thermody-
namicpropertiesoftheairshowninfigure4 wereobtainedfromrefer-
ence3. Thespecificheatof themagnesiumwallpresentedinfigure5
wasobtainedfromreference4.

!Mmehistoriesofthemeasuredskintemperaturepresentedinfigure6
wereobtainedas thevehiclescoastedfroma Machnunberofappro~tely
2.5 to 1.0. At thetimeofrocketmotorburnout,whichwasapproximately
3.2secondsafterthestartofflight,thetestvehicleswereattheir
nmdmnnnvelocityandMachnuniber.No skintemperaturemeasurementswere
obtainedthroughouttheinitial3.2seconds,theperiodofpoweredflight,
duringwhichtimethetelemetersignalwasumatisfactory.Propertiesof
theairintheundisturbedfreestreamaheadofthemodelssndMachnum-
berformodelsA andB areshowninfigure7 plottedagainsttime.Reyn-
oldsnumberperfoot,basedonfree-streamconditions,is showninfig-
ure8 plottedsgainstMachnumber.The&l.fferenceinReynoldsnumber
betweenthetwomodelsisattributedto differencesinatmosphericcon-
ditionsandperformanceofthe‘rocketmotors.

METHOIEANDPROCEDURES

Thetransientconditionsencounteredduringthe
poweredtestvehicleresultina heatingoftheskin
duringthefirstpartoftheflightanda coolingof
boundarylayerduringthelatterpartoftheflight.
peratureincreasesduringtheheatingperiod,passes
‘ad

the

flightoftherocket-
by theboundarylayer
theSkinby the
Thus, theskintem-
througha maxhmn,

decreasesduringthe-remainderofthefl&#rb.

Consideringradiationandconductionasnegligible,theheatlostby
boundarylayerisequaltotheheatabsorbedby thesldnofthemodel.
the rateofheatexchangebetweentheboundarylayerandtheskinis

~ = W=w(Taw- ‘w) (1)

thethe rateof changeoftheheatcontainedintheskinis

$ = ywT& ~ (2)

—___ __ .-. . —..—_.——. .—. —.z —— —— —-—
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Equatingequations(1)and(2)andsolvtngfortheeffectiveheat-transfer
coefficientresultsin

(3)

Thepropertiesofthewallmaterialareknownandtherateof changeof
walltemperatureistheslopeofthemeasuredthe historyoftheskin
temperature.ToobtainthetemperaturedifferenceTaw- ~ itisfirst
necessarytodefinethsrecoveryfactor.

RECOVERYFACTOR

Recoveryfactordefinedherehasbeendiscussedinreferences5 and
6 andisbrieflydefinedasthefractionofstagnationtemperaturerise,
abovethetemperaturejustoutsidetheboundarylayer,attsdnedby an
insulatedwall. As thestagnationtemperatureisconstsntthroughout
theflow,therecoveryfactormaybewrittenas

.

T - Tv
RF= aw

T - Tv
so

(4)

~ theabsenceofradiationandconductionatthepeakoftheskin-
temperaturecurve,noheatisbeingtransferredandtheskintemperature
andadiabaticwalltemperaturecoincide.Itisfromthispointthatthe
recoveryfactorisdetermined.Trajectoryandradiosondedatayieldthe
free-stresmstaticandstagnationtemperatures.Thetemperatureoutside
theboundarylayerisobtainedfromthefree-streamstatictemperature
by correctingforthelocalpressureonthebody.

Assumingthisrecoveryfactortobe constantduringthedecelerating
portionof tieflight,eqtition(4)maybe
historyoftheadiabaticwalltemperature

Taw (=TV+RFT -
‘o

re-solvedto-yieldthetime -

)
Tv (5)
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Thisadiabaticwalltemperatureis
wouldhavethroughoutthetestrangeif

The
transfer

ACCURACY

errorintroducedinevaluating

thetemperaturethattheskin
ithadno heatcapacity.

thelocalconvectiveheat-
coefficientsis causedeitherby inaccuratemeasurementof the

dataorby th6assumptionsmadeintheanalysis.ListedintableII are
themaximumvaluesexpectedoftheseerrors.Asthemaximmsdonot
occuratthesametime,theseerrorscombinetogivea probablemaximm
errorinevaluatingconvectiveheat-transfercoefficientsof*6percent
forthetimeduringwhichthedatawereused.

Duringthetimeofflight,astheskintemperatureapproachesits
peak,therateofchangeof skinteqeratureapproacheszero,asdoes
thetemperaturedifferenceTaw- ~ . Thus,~ becumesindete?mdnate.
As therateof changeofskintemperatureandthetemperaturedifference
Taw - ~ approachzero,anyerrorineitherquantitycausesan increasing
errorin ~, andthescatterinthecurveof & againsttimebecomes
large(ascanbe seeninfig.9). Therefore,onlythedataonthesmooth
portionof thecurve,wheretheprobablemaximumerrorwaswrittent6per-
cent,wereused.

It canbe noticedfromfigures12 and13thatthescatterbetween
resultsobtainedfromsimilarstationsontwotifferentmodelsis 3 per-
cent,orthescatterof+J~percentfromthemeanvalues.

2
Ittherefore

appearsthattheactualerrorsaresubstantiallylessthanthemaximum
shownby theprecedinganalysis.

RESULTSANDDISCUSSION

Recoveryfactorsshowninfigure10wereobtainedfor&l thetest
statio~onmodelsA andB. Stations8.9onmodelA and18.3onmodelB
hadrecoveryfactorsof0.835,whilestation14.3ofmodelB hada
recoveryfactorof0.841.!thesewereingoodagreementwiththerecovery

(factorof0.8k-6predictedby thetheoryofreference5 RI’= N- )1/2 for

laminsxboundaxylayers.Recoveryfactorsobtainedfortheothertest
stationsWee withthevalueof0.894predictedby theoryinreference7

( )
1/3 forturbulentboundarylayers.RF=NR I@orderb evaluatethese

theoretical.recoveryfactors,thethermodynamicpropertiesofairin the
Prandtlnumberwerebasedonthetemperaturejustoutsidetheboundary
layer.

-..— _. ——.. -——
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Althoughtherecoveryfactorsobtainedatthreeofthestationsagree
withthetheoreticalvaluefora lminarboundarylayer,onlystation8.9
onmodelA hasa Reynoldsnuntmrrsngethatislikelytoaccompanya
laminarboundarylayer.Alltheheat-transfercoefficientswereofthe
sameorderofmsgnitudeandwereof a magnitudeexpectedfora turbulent
boundary.kyer. Thissuggeststhatthesethreestationswereina transi-
tionregionwhereitmsyhavebeenpossibletoobtainlsminsrrecovery
factorsin conjunctionwithturbulentheattransfer.Thistiewis sup-
portedby Eber’stestson cones,atl.fachnmbersfroml.2to 3.1(ref.8),
inwhichtheheat-transferdataindicatedthattransitionoccurredon the
cones,butthemeasuredrecoveryfactorsalongtheconeswereequalto
thevaluespredictedbythetheoryforlaminarflow.

Timehistoriesofthemeasuredskintemperaturesandthecalculated
adiabaticwalltemperaturesareshowninfigure11forstations8.9and
123.5ofmodelA. Theskin-temperaturecurvesshowthevariationin the
msgnitudeandtimeof occurrenceofthemaximumskintemperaturemeasured
at theextremeteststationsonthebody;thatis,a madmumskintemper-
atureof398°F at 5.35secondsforstation8.9anda maximumskintemper-
atureof279°F at7.94secondsforstation123.5.Thegreaterrateof
heattransferandthinnerskinattheforwardstationcausetheskintem-
peraturetheretorisefasterandreacha higherpeskthanattheaft
station,eventhoughtheadiabaticwalltemperatureattheforwardsta-
tionis lessthanthatattheaftstation.Duringthecookingpartofthe
flight,whentheadiabaticwalJtemperatureislowerthantheskintemper-
atureata givenstation,thegreaterrateofheattransferandthinner
skinat station8.9resultin a higherrateof skincoo~ngat station8.9
thanatstation123.5.

Theheat-transferdataobtainedinthepresenttestarepresentedin
figure12intermsofNusselt,Prandtl.,andReynoldsnumbers.Thetem-
peratureusedtoevaluatetheviscosity,conductivity,density,velocity,
andspecificheatoftheairintheaforementionedparametersisthetem-
peraturejustoutsidetheboundarylayer Tv. Theflowconditionsjust
outsidetheboundarylayerweredeterminedby correctingthefree-stream
conditionsforthetheoreticalpressuredistribution,whichwasobtained
frmnreference9. (Althoughtheoretical,thepressuredistributionsthus
obtainedhavebeensubstantiatedby thewind-tunneltestofref.10.)

As canbe seenfromfigureU!,theheat-transferparsmeterNNuN~-1/3

isprimarilya functionofReynoldsnuniberratherthanbodystation;that
is,resultsobtainedat differentbodystationswerethesamewhenthe
Reynoldsnmiberswereequal.Althoughitisexpectedthatthebodycon-
tourwouldhavesomeeffectontheheattrsnsfer,therewasno apparent
effectonthehigh-fineness-ratiobodyusedforthisinvestigation.

Itwouldbe moreconvenientinreducingtheheat-transferdatafor ‘
engineeringpurposestobasetheheat-transferparameters,Nusselt,
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Prandtl,andReynoldsnumbers,onconditionsof theairintheundis-
turbedfreestrea aheadofthemodel.Theresultsthusobtainedare
showninfigure13. Thiscorrelationis ingoodagreementwiththe
correlationbasedonlocalconditions,probablybecausethefree-stream
conditionsarenotverydifferentfromlocalconditionsforthishigh-
fineness-ratiobody.

Theeqyationforthermalconductanceforturbulentflowovera flat

plateat subsonicspeedsisgivenas 0.8NNU= 0“.0296R NR 1/3 inrefer-
enceXl. Thisequationresultsfromfrictionaldragmeasurementson a
flatplateinparallelturbulentflowas correlatedby Colburn(ref.12)
usingq momentumheat-transferanalo&y.Thedashedlineshowninfig-
uresli?and13representstheprecedingeqwtion. Thislinefalls
remarkablyclosetothetestdataobtainedontheparabolicbodyof
revolutionat supersonicspeedsandis inagreementwiththetestresults
correlatedeitheronflowconditionsjustoutsidetheboundqylayeror
onfree-stresmconditions.Whiletheagreementisbetteratthehigher
Reynoldsnumber,thisequationcouldbe usedtoevaluatetheheat-transfer
coefficientwithfairaccuracyovertheentirerangeofReynoldsnumbers
shown.

Investigationssimilarto thosedescribedinthispaperwerecon-
ductedontwoV-2researchmissiles.Figure4 ofreference13 showsthe
resultsfromtheheat-transfertestson theV-2researchmissilescompared
withEber’scorrelation(ref.8),thatis,as a plotofNusseltnmiber
sgainstReynoldsnumber.Forconvenience,theletterdesignationsfor
thestationsareidentifiedwiththoseusedinreference13. Thesesta-
tionsininchesfromthenoseareasfollows:

Configuration

v-2 NO. 27

V-2No.19

Station Distancefrom
nose,in.

A
c
G
H
K
M

2.5
6.0
12.o
12.O(trip)
84.4
121.4

--- I 41.71

Thethermalconductivimandviscosityoftheairwerebasedonthe
a~abaticTTSU temperatureandthedensityandvelocityon conditions
justoutsidetheboundarylayer.Theseresultsarereproducedinfig-
ure14. Thelinefairedthroughthepointsis40percentabovethe

—- -.—. -.— ———— —— .. .. .— ——.— .— .. ._ __ ___ _________ . -
f
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EberUne. ForfurthercomparisontheRM-10heat-transferdata,based
onthesameflowproperties,arealsoshown.A linefairedthroughthe
RM-10testresultsis
abovetheV-2line.

Resultsfromthe
ure15as NNUNR-1/3
tiom oftheair$lst

approximately60percentaboveEberor20percent

V-2testsshowninfigure14areexpressedin fig-
plottedagainstReynoldsnumberbasedon condi-
outsidetheboundarylayer.Reference13states

thatthedecreaseat lowerReynoldsnumberinthepointsM sad K for
theV-2No.27 andforthepointofV-2No.19isattributedtopartial
transition.NeglectingthesepointsatthelowReynoldsnumber,the
V-2heat-transferdataareapproximately15percentlowerthanthe
RM-10datarepresentedby thesolidcurve’.Thecorrelation
NNuN~‘1/3. 0.0296RO”8 is shownasa dashedlineandfallsapproxi-
mately20percenthigherthantheV-2points.

In figureI-6,theheat-transferparametersNNUN=‘1/3 frm the
RM-10dataareplottedagainstReynoldsnumiber.Thethermalconductiv-
ity,viscosity,andspecificheatof airarebasedon adiabaticwall
temperature,andthedensityisbasedonconditionsjustoutsidethe
boundarylayer.Forthistemperaturebasis,somewhatgreaterscatter
canbe seeninthetestpoints.Thefairedlinethroughthetestpoints
fallsapproximately20percentlowerthantheflat-platecorrelation

%&r
‘1/3. oQ)2g6R0”80

TIEv-2dataareexpressedtothessmebasisas infigure16 and z
areshowninfigure17. Forccmpsrison,theRM-10fairedcurveandthe

0.8-1/3. ().0296Rflat-platecorrelationNNuNn arealsoshowninthis
figure.TheV-2pointsfallabout15percentlowerthantheRM-10faired
curveandapproximately35percentlowerthantheflat-plateeqpation.

‘1/3 fortheRM-10dataareplottedHeat-transferparsmsters~uNW
(fi.g.18)againstReynoldsnumber.Tbethermalconductivity,viscosity,
anddensityoftheairarebasedonthewalltemperature.Thesolidline “
inthefigureisthefairedcurveoftheRM-10points.Reference14
givesa theoryforheattransferonconesin a supersonicturbulent

(
‘1/3. ()O% RO*8)thatiS approdmatel.y7 perCf311tbo~ds.rylayerNNUN= .

lowerthanthecurvedlinerepresentingtheRM-10points.Theflat-
0.8-1/3= 0.0296RplateequationNNuNn isshowninthefigureas a

dashedlineandisaypro~tely 20percentlowerthantheRM-10faired
curve.
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In figure19,theV-2heat-~ansferparamtersareplottedagainst
Reynoldsnumber.me thermalconductivity,viscosity,anddensitiare
basedonwalltemperature.Disregardingagainforlow“Reynoldsnuniber
thepointsK and M andV-2No.19showstheV-2heat-transferdatato
be roughly15percentlowerthantheRM-10fairedcurvere reducedfrom

figure18. (A linerepresentingtheconetheov ~uN~ r‘13 = 0.03 R0”8)
faJJ.sapproximately8 percentabovethev-2&ta. ‘lheflat-platecorre-

-1-/3. o.0@6Rl.ationNNUNW 0.8 is shownbya dashedlineapproximately
6 percentlowerthan-theV-2pofits.

TheagreementbetweenthesameapprodlmtestationsonmodelsA.and
B iswellwithintheestimatedaccuracy.ltromthevariousmethodsof
correlationitappearsthatbybming thepropertiesoftheaironthe
temperaturejustoutsidetheboundarylayerud onwalltemperaturegave
resultsth@ wereapproximately15percentabovetheV-2heat-trsmsfer
dataandalsowereingoodagreementwiththereferencedequations.

CONCLUSIONS

SupersonicconvectiveheattransferhasbeenmeasuredinflAghton
twomodelsoftheNACARM-10missile.TheMachnumberscoveredbythe
testswerefrom1.02to2.4-8andtheReynoldsnuniberswerefrom3.18x 106
to163.85x 106basedontheaxial-distancefromthenosetothestations
wheretheskin-temperaturemeasurementsweremade.

Resultsofthetestsindicatithat:

1.Heat-transferparametersfromtheRM-10datawhencorrelatedona
Nusselt,Prandtl,and.Reynoldsnumberrelation,basedon conditionsjust
outsidetheboundarylayer,showedthattheequationforconvectiveheat

(
0.8-1/3=o.&X36Rtransferona flatplateina subsonicflow NNUNR )

wasingoodagreementwiththetestresults,andtheresultsfromthe
V-2testswereapproximately15percentlowerthantheRM-10data.

2. Correlationoftheheat-transfer
te~eratureshowedthattheequationfor

ina
good
were

supersonicturbulentboundarylayer
agreementwiththetestresultsand
approximately15percentlowerthan

3.TheRM-10heat-transferdataare
Eber’sempirical.equation.

parametersfortheFM-10onwall
conesforconvectiveheattramsfer

(IN ‘1/3= o.o~R0”8
u% ) wasin

theresultsfromtheV-2tests
theRM-10data.

approximately60percenthigher

—- . . - -- —. . .—- -- -—.——. .— —— ----- --— ——— -.. + -—-——- .. . . .
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k. Goodagreementwasobtainedbetweenthe
mdels A andB andthescatteriswithinthe
percent. -

NACA‘IN3623
.

heat-transfercoefficients
estimatedaccuracyof

5. Recoveryfactorsmeasuredalongthebodyarein agreementwith
theflat-platetheory.

6. No evidenceofboundsry-lsyertransitionwasapparentinthe
heat-transferdata.

LangleyAeronauticalLaboratory,
NationalAdvisoryComitbeeforAeronautics,

LangleyField,Vs.,Jsmusry18,1951.

.
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TABLEI.-SKINTHICKNESSNt?TESTSTATIONS

Model station Skinthickness,

(1) in.

A 8.9 0.0587
17.8 .0587
36.2. .0927
49.9 .0816
86.1 “.0933
123.5 .0863

B 14.3 0.0591
18.3 .0591“
85.3 .0935

1Stationnumberdenotesaxialdis-
tancefromnosemeasuredin inches.

TABLEII.- ACCURACY

MaAmum errorin

Sourcesoferror convectiveheat-
transfercoefficient,

percent

A possibleerrorin measured
skintemperaturesof
ti perceqtofmmimum skin
temperatureat thatstation

Summationof temperaturelag
throughtheskinandof the
thermometer

PossibleK? percenterrorin
skinthickness +Q

Neglectedheatflowsinmak.fmg
heatbalances Q

2

*4

—. —. . — —.—— .—— .. . . ..-
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Figure 5.- Specific heat of magnesium.
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